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Abstract 21
Objective: 22 In this study, the main aspects of influenza transmission via fine and ultrafine bioaerosols were 23 considered. Here, we aimed to estimate the impact of the different environment conditions on the 24 deposition rate of the infectious bioaerosols in the respiratory tract. 25
Background: 26
The latest researches show the infected people generate the fine and ultrafine infectious bioaerosols 27 with submicron particles/droplets (size below 1 µm). The airborne transmission of these 28 particles/droplets in the environment is effective. 29
It is considered the deposition of submicron particles in the respiratory tract (RT) has very low 30 probability. But most studies examined the aerosol deposition in RT under normal environmental 31 conditions and did not pay attention to the affecting the different environmental factors. 32
Methods: 33
We review the problems of the epidemiology of respiratory infections and aspects of airborne 34 transmission/spread of infectious agents. We contrast these approaches with known data from next 35 areas: inhalation toxicology, respiratory drug delivery, and physics of heat and mass transfer in the 36 airways. 37
Results: 38
Based on the conducted analysis, we propose the next main concepts: 39 1 Breathing cool air leads to the supersaturation of air in RT; 40
the air supersaturation leads to the intensive condensational growth(CG) of inhaled viruses or 41
bacteria in RT; 42
CG leads to the intensive deposition of viruses or bacteria in RT. 43
We have shown: 44 a) Under normal conditions of inhaled air (T>20˚C; Relatively Humidity, RH=60%) there is no 45 transition in a supersaturated condition in RT and CG is insignificant and the probability of virus 46 deposition on the epithelium of RT is low -no more than 20%. 47 b) Breathing cool/cold air of T<+15˚C and RH of [30.
.60]% leads to the supersaturation in the 48 airways and it can dramatically increase the deposition rate of inhaled bioaerosols in RT(up to 49 96%). 50 c) With an increase in RH of inhaled air the supersaturation in RT occurs even at warm 51 temperatures of inhaled air (for inhaled air of T<20°C and RH>70%; T<25°C and RH>90%). 52
Which also indicates the deposition rate of bioaerosols in RT under these conditions is high. 53
Conclusion: 54
Under specific environmental conditions (when flu seasons) the processes of supersaturation in the 55 RT can be observed. These results indicate the high probability of virus deposition on the 56 epithelium of RT and correspond to influenza and seasonal respiratory infections in temperate and 57 tropical climates. 58
We believe the effect of supersaturation in the airways can be the key to the understanding of ' 
Airborne transmission as one of the main route for spreading of influenza 103
There are the next main routes of transmission of influenza and common cold: by direct contact 104
(person-to-person), by contact with contaminated objects and airborne (Hall, 2007; Shaman and 105 Kohn, 2009; Milton et al., 2013) . The relative importance of these transmission modes remains a 106 subject of much debate (see review in (Shaman and Kohn, 2009) ). 107
In the recent studies of Cowling et al (Cowling et al., 2013) and Killingley et al (Killingley et al., 108 2016) question the relative importance of the direct contact transmission of influenza and 109 transmissions via contaminated surfaces and shown that airborne transmission of influenza viruses 110 via fine droplets and particles (below 5 µm) can play a major role in spread of influenza. 111
Humans as a source of fine and ultrafine bioaerosols 112
The infectious bioaerosol may be generated by individuals via coughing, sneezing, speaking and 113 breathing. Coughing and sneezing generate coarse bioaerosols (large-particles aerosols) containing 114 droplets varying in size: geometric mean diameter below of 13.5 µm; for speaking it is 16 µm 115 (Chao et al., 2009 ). It should be pointed that data on droplets size is various in the different studies 116 (see review in (Chao et al., 2009) ). Such droplets may deposit in upper airways (the probability to 117 reach the lower airways is too small for such droplets), but such droplets settle rapidly in the 118 environmental air and are transmitted only over short time and distance (Hall, 2007) . 119
Infected people also generate fine and ultrafine infectious bioaerosols (size of the exhaled particles can be transmitted over long distance (Hall, 2007 
The main concept 220
The main concept of the present study (the main hypothesis): 221 -breathing cool/cold air leads to the supersaturation in the respiratory tract; 222 -supersaturation in the respiratory tract leads to the intensive condensational growth of inhaled 223 fine and ultrafine bioaerosol (and viruses and bacteria) in the respiratory tract; 224 -condensational growth leads to the intensive depositing of the bioaerosols (respiratory viruses 225 or bacteria) in the respiratory tract. 226
Summary: 227
The mechanism of deposition of viruses or bacteria in the respiratory tract due to the intensive 228 condensation growth when breathing cool/cold air has a great value for understanding of 'the 229 epidemiologic mystery of influenza seasonality' (discussions on this matter see below); 230 -this effect significantly increases the risk of the influenza and respiratory infections (more 231 viruses deposit on the respiratory cells, the more probability of the infection and the severity 232 of the disease); 233 -this effect is the strongest when breathing cool/cold air -when seasons of respiratory 234 infections and influenza are observed. 235 
Hygroscopic and condensational growth in the airways
Effects of Hygroscopic Growth 247
Hygroscopic growth factor for airborne hygroscopic particles is determined by relative humidity 248 (RH) below 100%. The hygroscopic growth of fine particles in the respiratory tract (RH=99.5%) is 249 expected to be a small size change (factor = 1.4 -1.7 with maximum of 4 for rare case) ( 
Effects of Condensational Growth 253
Condensational growth factor for airborne particles is determined by relative humidity (RH) in the 254 airways >100% (oversaturated and supersaturated conditions). The growth of the fine and ultrafine 255 particles by condensation is not particularly limited. 
Breathing cold/cool air 283
It is important to note that it has been paid little attention to the effect of supersaturation in the 284 airways (very few studies). And there are practically no studies on supersaturation in the airways 285 when inhaled cold/cool air. 286
The effect of supersaturation in the respiratory tract when breathing cold/cool air was pointed by 287 (Ferron, Haider and Kreyling, 1984; Zhang et al., 2006b ; Longest, Tian and Hindle, 2011). 288
Ferron et al (Ferron, Haider and Kreyling, 1984) have determined the local supersaturation in the 289 airways under conditions of inhaled cold/cool air; the supersaturation starts in the nose and lasts 290 until the entrance of the trachea. Based on the numerical calculation they found that supersaturation 291 of the air in the airways occurs during the inhalation of cold/cool air (less than 10˚C) and nearly 292 saturated air of 20˚C, RH=100%. wet walls. This effect is similar to the principle behind water-based condensation particle counters 296 (Hering and Stolzenburg, 2005 
local supersaturation in the airways (preliminary estimation) 318
To make an additional preliminary estimation of the probability of the local supersaturation when 319 mixed the warm air (whose parameters correspond to those inside the airways*) and inhaled 320 ambient air the psychrometric chart may be used (Mollier's chart. It is widely-used as the tool for 321 determining of isobaric psychrometric processes of moist air (Barenbrug, 1974 The data in the fig3c and fig3d can be correlated with processes of deposition of fine bioaerosols 356 when supersaturation occurs in the airways when breathing cold/cool air (breathing cold/cool air 357 leads to the supersaturation like breathing hot air -see above fig2 and table1). 358
A few words about deposition rate of fine bioaerosols in the airways 359
As mentioned above the supersaturation in the airways when breathing cold/cool or hot/warm 360 saturated air leads to the intensive condensational growth of the inhaled particles. Reprinted from: (Jinxiang, Xiuhua and Jong, 2015 Some aspects were discussed in . 458
Remark on body cooling and immune function 459
For countries with temperate and cold climates there is opinion (cite from (Ikaheimo et 
(!!!) Remark on virus survival and aerosol transmission (question on humidity) 469
Relative humidity is a major factor in the airborne transmission of pathogens. The more low 470 humidity the more effective the airborne transmission (low humidity leads to the fast 471 evaporation of droplets = Droplets decreases in sizes and may be transmitted over a long 472 distance ) (Lowen et al., 2007; Halloran et al., 2012) . In some studies was pointed that 473 relative humidity affects the virus survival (see review in (Shaman and Kohn, 2009; Shaman 474 et al., 2011; Ikaheimo et al., 2016) ). 475
It is pointed that influenza virus survival increases as RH decreases, such that the airborne 476
virus remains viable longer at lower relative humidity (Shaman and Kohn, 2009 (Shaman and Kohn, 2009; McDevitt et al., 2010) . 484
Flu seasons in tropical climate ("humid-rainy pattern" and condensational growth) 485
In the tropics and subtropics, flu season was driven by the high humidity or the heavy monsoon 486 rains (Tamerius et al., 2013) . 487 16 As mentioned before: there is no clear theory of influenza seasonality in the tropical climate 488 (pattern of 'humid-rainy type') -it is one of the aspects of the' age old mystery of epidemiology of 489 influenza'. 490
Data in table1 and fig2 (see above) show that probability of supersaturation in the airways under 491 conditions of 'humid-rainy' pattern of seasonality of influenza is high and a probability of virus 492 deposition in the upper airways is high too: 493 -for inhaled air of T=20°C, RH>70% -С Liq <2.4g/kg; 494 -for T=25°C; RH>90% -С Liq <1.2g/kg. 495
These results may correspond to the seasons of influenza and respiratory infections in the tropical 496 and subtropical climates and indicate that under these conditions the growth of inhaled fine and 497 ultrafine particles (and viruses or bacteria) by condensation in the respiratory tract can occur, and 498 the probability of deposition of virus or bacteria on the epithelium of the respiratory tract is high. 499
Remark on virus spreading in tropics 500
However It is important to note that, as was mentioned by Yang et al (Yang et al., 2012) Under normal environmental conditions (T>20˚C; RH=60%) there is no transition in oversaturated 525 condition in the respiratory tract. In this circumstance the condensation growth is insignificant and 526 probability of the deposition of fine and ultrafine bioaerosols (virus or bacteria) on the epithelium of 527 the respiratory tract is low. This conclusion is also confirmed by (Ferron et Thus the present study had originally shown for the first time the next important observation. Two 555 distinct patterns of seasonality of influenza and respiratory infections: "cold-dry" for temperate 556
climate and "humid-rainy" for tropical climate, in fact, may be considered as unified pattern if take 557 into account the processes of supersaturation and condensational growth in the airways when 558 breathing cold/cool air. It may have great value for understanding of 'the age-old epidemiologic 559 mystery of influenza seasonality' in the different climatic conditions. 560 Some aspects were discussed in Ishmatov, 2016b) . door". Metaphorically, this effect "opens the door" of the immune system to respiratory infections 600 and influenza. 601
PS2 602
All findings and conclusions in this part of the study are made on the basis of the well-known data. 603
But no one had ever come to such conclusions and no one looks at the problem of the seasonality of 604 respiratory infection in different climatic condition from this point of view. 605 *Search strategy and selection criteria I searched PubMed, Google and Google Scholar for studies published before sept, 2016.
I used the search terms "Influenza" or "Flu" or "Respiratory Diseases" or "Respiratory Infections" or "common cold" in combination with "Supersaturation", or "oversaturation", or "condensational growth", or "Condensation", or "Aerosols", or "Theory", or "Models", or "Pattern", or "Hypothesis", or "Climatic Condition", or "Seasonality", or "Seasonal Factors", or "Weather", or "Environmental Factors", or "Humidity", or "Temperature", or "UV irradiation", or "Solar Radiation", or "Melatonin", or "Vitamin D", or "Mucociliary Clearance", or "Hyperthermia", or "Cells Temperature", or "Cells Cooling", or "Airway Epithelium", or "Airways Cooling", or "Immune Response", or "Antiviral Immune Response", or "Survival", or "Transmission", or "Spread", or "Coronavirus", or "Epidemiology", or "Virology", or "Management", or "Prevention", or "spread", or "bioaresol", or "virus deposition", or "pulmonary delivery".
I also searched websites of global and national public health agencies such as system for searching of new studies http://www.storkapp.me, the Influenzavir.com, WHO National Influenza Centre of Russia, the European Centre for Disease Prevention and Control, Public Health England, the US Centers for Disease Control and Prevention. I selected publications in English, in Russian. I also searched the reference lists of articles identified by my search strategy. **In the study I excluded from consideration of the reasons of flu connected with the solar radiation, UV irradiation, the inhibition of mucociliary clearance, a vitamin deficiency, melatonin, vitamin D because they do not relate to the "humid-rainy" type (for countries with warm tropical climate. 606 Table 2  607 Patterns of influenza for different climatic conditions and reasons for influenza seasonality 608 T<20°C, RH>70% (rainy seasons in tropics); T<25°C; RH>90% (rainy seasons in tropics); T>40°C; RH>99% (when inhaled hot air is cooled in the airways -not associated with influenza); No Effect T>20˚C; RH<60% (normal conditions -no effect -no influenza) 609
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